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@) Immunoassay for immunoglubulins. 



(57) A method for carrying out an immunoassay for an immunoglobulin in which a sample suspected of 
containing the immunoglobulin and reagents useful for detecting the immunoglobulin of interest are 
combined in a single step in an aqueous medium, wherein one of the reagents includes a small 
molecule bound to a receptor for the immunoglobulin, one includes an antigen capable 1 of binding to 
the immunoglobulin and one includes a signal generating means bound to a receptor for the antigen 
capable of binding to a site on the antigen different from the- site of binding of the immunoglobuiin. 
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Immunoglobulins are a class of proteins which function as antibodies and are produced by specialized cells 
(lymphocytes) of an immunocompetent organism (i.e.. an organism with an intact immune system) in res- 
ponse to the presence of a molecule which is foreign to the organism. 

There are five categories of immunoglobulins (Ig) based upon their chemical structures and the different 
func .ons they ■perform in the immune system: IgA, IgD. IgE. IgG and IgM. From a diagnostic viewpoint, the IgM 

amenta substance ^ '"^ * * ^ *° 3PPear Semm f °" 0Win9 the exposure to ^ 

Accordingly, immunoassays to identify the presence of immunoglobulins and in particular IgM. are useful 
for the early diagnoses of infection. Hepatitis is an infectious disease for which an immunoassay based upon 
immunoglobulin detect.cn is useful. Such an assay finds usefulness not only as a purely diagnostic tool but 
also in pre-transfus.on screening of blood and in screening potential blood donors. Hepatitis A or infectious 
hepabtis occurs worldwide, sporadically and epidemically, with a tendency towards cyclic recurrences Pre- 
sence of the hepatite A virus (HAV) is typically established by verifying the presence of IgM antibodies in the 
h!^, y ° f B i PatientS by 3 radioimmi ' noas ^y or enzyme immunoassay.HepatitisBor serum 

OC ^ re Z° iS COmmon, y seen amon 9 «ers who transmit the disease via shared 

E,T h 06 » D T*" iS USUa " y dia 9" osed bv confirmation of the presence of viral antigens. Assay 
me^rdally avanabte ^ and antibodies directed gainst these antigens are com- 

h.- U ' S 'HT? N !' 4 ' 292 ' 403 pertains to an '9 immunoassay where bound anti-lg is incubated with a sample 
then incubated with an antigen capable of binding to Ig. and lastly incubated with a labeled anti-antigen frag- 
ment Each incubation is followed by a wash step and the antibody is bound by coupling to a solid carrier by 
means of covalent bonds or by adsorption. ^mer oy 

U. S Patent No. 4.273.756 describes an Ig assay where bound anti-lg is contacted with a test sample 
washed, then reacted with a labeled antigen capable of binding to Ig. ' 

U S. Patent No. 4.020,151 pertains to an Ig assay where Ig in a sample is first sorbed directly onto a nonim- 
munological surface, followed by reaction with labeled anti-lg. 

U. S. Patent No. 4.837.167 describes a simultaneous sandwich assay to determine multi-determinant anti- 
gens using high affinity monoclonal anti-lg. 

Bradley et aj., Journal of Clinical Microbiology 5(5):521-530 (1 977) describes an assay for IgM class im- 
munoglobuhrus related to me H^^^^ 
with patient serum suspected of containing IgM. 

wm i S ' Pate " l f N °- ^I 4,878 pertainS to a sandw *h enzyme immunoassay for hepatitis antigen where a 
sample .s incubated with bound antibody, then incubated with enzyme labeled antibody 

lah JL S ' No - 4 - 818 ' 688 describes an assay for antibodies to hepatitis B core antigen (HBcAg) where 

labeled antibody competes with antibody in the sample for binding to immobilized HBcAg 

PatS I! t I*!' 4 -i 98,876 P6rtainS 10 3 r6Veree sandwich **** ^ hepatitis associated antigen where a 
sample is incubated with labeled antibody followed by incubation with immobilized antibody 

is in^L"' ^5^CJ^ D isJ Dt 34(6):1315 (1988) describes an assayfor IgM antibodies to HAV: sample 
m r^li^Tv b '° t, " h y,ated antH, 9 M then witn a streptavidin coated solid phase; the complex is washed then 
mixed with HAV; and the new complex is washed and then mixed with labeled anti-HAV 
h . r „- S . Pa 5 nt , No - 4 - 271 .-<40 Pertains to the use of biotih and avidin in a double receptor complex where 
piotm and avidin form a nonimmune, reversible binding system. 

nhac U - S ; Patent No. 4,298.685 describes the use of a biotinylated antibody bound to an avidin coated solid 

phase, where analyte present in a sample competes with unlabeled a nalyte for binding to the antibody 

hioH t n i! 6nt f 4 ' 935 ' 339 pertains to a one st3 P immunoassay where a biotinylated first immunological 

■ M 3mP * 3 ' abeled SeCO " d immuno, °9'cal binding partner and a biotin-binding protein 

bound to a earner are all combined. 

— ^i/ atent 4l343,896 descn 'bes an assay using two antibodies from different animal species which 

f * T S3me Wh6re ° ne antibodv is Abeled and the other antibody is insolubilized by 

a ultra ana body. J 

PubLt^T^S*!" N » 07/389 ' 659 fl,ed Penary 4, 1991 (corresponding to European Patent 
^17 . f Panese Patent ^Plication No. 206628/90 and Canadian Patent Application No. 
SN 2022,517-3) pertains to an immunoassay using a small molecule bound to a specific binding pair member 

are capable of binding the analyte. The assay also uses a receptorfor the first small molecule, bound to a sup- 
port and a receptor for the second small molecule bound to a label. 

According to one aspect of the present invention a method for carrying out a qualitative immunoassay for 
specrfic .mmunoglobulins is provided wherein the following components are combined without prior incubation 
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in an aqueous medium, and incubated: a sample suspected of containing the immunoglobulin of interest, a small 
molecule bound to a receptor for the immunoglobulin, an antigen capable of binding to the immunoglobulin, a 
signal generating m ans bound to a receptor for the antigen where the receptor is capable of binding to a site 
on the antigen different from the site of binding of the immunoglobulin, and a support to which is bound a re- 

5 ceptor for the small molecule. The medium is then separated from the support. The medium or the support is 
observed for the presence or amount of the signal generating means, the presence or amount thereof being 
related to the presence or amount of immunoglobulin in the sample. 

Another embodiment of the invention describes a method for carrying out an immunoassay for an IgM-type 
immunoglobulin wherein the following components are combined without prior incubation in an aqueous 

10 medium, and incubated: a sample suspected of containing IgM, a biotinyiated antibody capable of binding IgM, 
an antigen :antibody complex wherein the antigen is capable of binding co IgM and the antibody is bound to a 
signal generating means, and a receptor for biotin bound to a support The medium is then separated from the 
support The medium or the support is observed for the presence or amount of the signal generating means, 
the presence or amount thereof being related to the presence or amount of IgM in the sample. 

15 Yet another embodiment of the invention describes an assay for detecting an IgM-type immunoglobulin 

suspected of being present in a sample wherein a complex is formed in direct relation to the amount of IgM in 
the sample, the complex being: 

Label-Ab^: Ag: IgM: Ab| gM -X:Y-support 
where Label-Ab^ is an antibody for an antigen (Ag) bound to a label, Ag is an antigen capable of being bound 
20 to IgM and is selected from the group consisting of hepatitis A virus antigen and hepatitis B core antigen, Ab JgM -X 
is a small molecule (X) bound to an antibody for IgM, and Y-support is a receptor for the small molecule bound 
to a support. 

Another embodiment of the invention describes a composition of matter consisting of a conjugate of a bioti- 
nyiated antibody bound to an immunoglobulin, an antigen bound to the immunoglobulin and a labeled antibody 
25 bound to the antigen. 

Still another embodiment of the invention describes a composition of matter 

Label-Ab^: Ag: IgM: Ab lgM -X:Y-support 
where Label-Ab^ is an antibody for an antigen (Ag) bound to a label, IgM is an IgM-type immunoglobulin, ~Ag 
is an antigen capable of being bound to IgM and is selected from the group consisting of hepatitis A virus antigen 
30 and hepatitis B core antigen, Ab, gM -X is a small molecule (X) bound to an antibody for the IgM^ and Y-support 
is a receptor for the small molecule bound to a support. 

In another embodiment of the invention a kit for carrying out an immunoassay for an immunoglobulin is 
described which comprises in packaged form: a conjugate of a small molecule and a receptor for the immunog- 
lobulin, an antigen capable of being bound to the immunoglobulin, a conjugate of a label and a receptor for the 
35 antigen, and a support comprised of a surface bound to a receptor for the small molecule. 

The present invention generally provides a one step simultaneous immunoassay for specific immunoglobu- 
lins (Ig), preferably IgM class and in particular IgM for hepatitis B core antigen and IgM for hepatitis A virus 
antigen. A complex is formed between the Ig analyte, an antigen:antibody complex and an anti-lg antibody- 
small molecule complex. The small molecule can allow for the complex to be insolubilrzed by means of a re- 
40 ceptor for the small molecule bound to a support. All the reagents are mixed together in the assay medium 
without prior incubation and then incubated. This single incubation is followed by a wash step, which is then 
followed by the addition of any remaining members of the signal producing system. The antigenrantibody com- 
plex may be formed prior to addition to the assay medium, or it may be formed in the assay medium. 

There are several advantages to the present invention. One advantage is the elimination of the numerous 
45 incubation and wash steps commonly seen in state of the art techniques. Elimination of several of these steps 
provides for an assay format that is less labor intensive. In some instances, this invention may use a slightly 
higher amount of reagents, but this is far outweighed by the labor-saving advantage. Another advantage is that 
by eliminating the need for several incubation and wash steps, this invention provides for shorter assay time. 
Surprisingly, even with the elimination of the numerous incubation and wash steps, an adequate signal can be 
so obtained to enable detection of the analyte. 

Before proceeding further with the description of the specific embodiments of the present invention, a num- 
ber of terms will be defined: 

"Immunoglobulin" means the compound to be measured in a sample that is the material of interest, i.e., 
the analyte. The sample is preferably serum or plasma. The immunoglobulin (Ig) may be directed against a 
55 causative agent of a disease state. The immunoglobulin can be class specific such as IgA, IgD, IgE, IgG and 
IgM, with a molecular weight that will generally vary from about 1 60,000 to about 1 0*. As used herein the term 
"immunoglobulin" shall refer to the analyte and the term "antibody" shall be used in reference to the reagents. 
"Antigen" means any compound capable of binding to the immunoglobulin of interest, and against which 
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.rttbodm ca n be ra.sed. For example, the antigen can be hepatitis B core antigen or hepatitis A virus antigen. 
£ ^ 6ans ^organic compound for which a receptor naturally exists or can be prepared 

oraanS^aTr T COmpOU f nd 0r M ^°*" ^P 3 ^ of recognizing a particular spatial and polar 
organization of a molecule, e.g., ep.top.c or determinant site. Illustrative receptors include naUirallv occurring 

coZoT fA' thyr °H Xine bindin9 9, ° bUlin ' antib0dieS ' enZymeS ' Fab fra 9ments ..«S.ZTnT«2^Z 

r y s~vi ptevidina " 

be J^T*" me ,f ? no "- porous or surface. Typical support surfaces include glass or plastic 

£ f " Ul ° Se > part,des - 9 ,ass or «n«*»e filter paper, nitrocellulose membranes, polystyrene 

3 rre^rca^bf non ^ r T ^ ^ ^ SUPPOrt ™> be ° f any ^'eLTZe^o 
V T 1? non - d,ffuslve| y bo "nd and which does not dissolve in or react adversely with the 
aqueous medium. Usually the support will be plastic such as polystyrene, polycarbonate polyaCate 
polyurethane. polyvinylchloride. teflon and the like or it may be metaNic such as sLel nicS' coopered 
chromium d.oxide and preferably will be ceramic including, for example, quartz, glass and ^ "like Whence 

2 U 5mm L'nd * ***** ^ ° f 3 aPProxLatelylniforr^ size p^bfy 0 2 ! 

2 5mm. and will have either a rough or smooth surface, preferably smooth. Preferably the beads art Grounded 

As used^r y aPPr ° Ximately SPheriCa ' h3Ve Surf3Ce P^P^ies which minimize non specTcZfng 
As used n the immunoassays of the invention, the support will have bound to it a material such ^^0/ 

bSIIT " f ntib0 h dy - aV, ' din> ap ° en2 ^ e . -P— or protein, intrinsic factor and "elke ' ' 

s^b^nt^rT V r PP ° rt ° r SUrfaCe be acc °mplished by well-known techniques, commonly 
fi a™ «n !l Ce ' f ° r eXample> " ,rnmobili zed Enzymes," Ichiro Chibata. Halsted Press New York 

uchl^ 
sucn as strip, rod, particle, including bead, and the like 

a relator" f T b ° P ° lyfunctional or be capab| e of being polyfunctionalized or be capable of binding 

of Snli n P ' ° U9h SPeCffiC ° r non - s P ecific °r non-covalent interactions A wide vaS 

a d^r 9 PS aVai ' ab,e ° r 030 be inc °rP°rated. Functional, groups include carboxylS ac d^ 

Jllr^Tf T" Cyan ° 9r0,JPS> 6thylene 9raiJpS - 9™P S ' rnercapto groups and tX L Th e 

manner of Unking a w.de variety of compounds to particles is well known and isampiy il.ustrated in the* erature 

t^inlV^ Cuatre ^ S ' -± SSL Chen, 245:3059 (1970). The length of a lining group toting 
bemg Imked may vary widely, depending upon the nature of the material being linked the effect of fte dTstance 

tenTbelolT«f a !, b h ein9 °" thB of the'equencl andt teZ 

tenal bemg l.nked w.ll be substantially bound to the outer surface of the particle 

or fluo'reSe^^^ ^ * fluorescent eitner Erectly or by virtue of fluorescent compounds 

t . , P rt ' de in conven «°nal ways. The fluorescers will usually be dissolved in or bound 

Se RulZ^T, 3 1 T° y tD Pa,tiC,e 3nd Wi " fre<,Uenay be s « b «tantially uniformly bound th^ hm^a" 
tide. Ruoresceinated latex particles are taught in U.S. Patent No. 3.853 987 

nr^ll^'^S^ir mea !! S an ° rQaniC ° r or 9 anom etallic group, having a molecular weight of from 1 00-2000 
preferably 150-1 000. usually bonded to a receptor or a support and for which a receptor exists oTSn be Tel 
ared. ExampJes of small molecules useful in the invention include, derivatives of biotin lysergic actd oruc ne 
fluorescein, vitamin Bl , and in genera, molecules that are not usually found in high corin^X.^ 

dru^rotn^fe^' hi9h,Y tOXiC m ° leCUleS " Synth6 ^ deriVed rno.ecu.~t P ha e n 

genelte a fnnT^Z^tT™ ^ COmpone ^ at ,east one component being a labe«. which 
generate a s^nal that relates to the presence or amount of immunoglobulin in a sample. The signal qeneratino 

ZtoX 7 ° f lhe rea9entS reqUir6d to Pr0dUCe 3 measurable signa.. The label can b^rotopfcTnon 
Z TZ r * n0n - ,SOt0piC - indudi "9 as an enzyme, a chromogen such as a fluores^er dye 

or chem,,um,nescer a meteHic particle, and so forth. The labe. can be conjugated directly to me^ptor for 
to T be n ° jU9ated ,0 3 receptorfora -mal. molecule. wLe the smaH mTcu^ou "d 

te 21 *? nt " en - components of the signal generating means may be chemiluminescers. radioac- 
^ e r^^ ^ ym6S ; S ^ ^ rSaCt With en2ymiC pf0ducts ' en2 yrn^. a "d cata.ysts. ^.id par- 
It^ZTe^TZ^' f d Pa j icles and *• «ke,.The.signa. generating means proves a signal 
detectable by external means, preferably by measurement of the degree of aggregation of particles or bv use 

^£Z 0ma9 T C rad L ati ° n ' deSiraWy by ViSUal --nation. For the most panl tSe signal SnerSng means 
ted ^ ' a h Ch ™° phoric substrate a "d «r.zyme. where chromophoric substrates are enz^atily cTn ve r! 

" UltraVi °J et ° f ViSib ' e re9i0n ' Ph0SPh0re ' flU ° reSCerS -XmSfnescens. 
radioactive atoms, electroactive groups, and the like. 

lohJin m e a meth .°^ S aCCOrd : n9 to the present invention, the assay medium suspected of containing an immunog- 
lobulm may mdude a small molecu.e bound to a receptor for an immunoglobulin, an antigen capable "Z^g 
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to the immunoglobulin, a signal generating means bound to a receptor for the antigen, said receptor being cap- 
able of binding to a site on said antigen different from the site of binding of said immunoglobulin, and a support 
to which is bound a receptor for said small molecule. The signal generating means is preferably a label selected 
from the group consisting of enzymes, fluorophors, chemiluminescers and metallic particles, and most prefer* 

5 ably said label is an enzyme selected from the group consisting of peroxidase, p-galactosidase, urease, alkaline 
phosphatase and Q-beta-replicase; the signal generating means may also comprise a second small molecule 
bound to said receptor for said antigen and a receptor for said small molecule bound to a label selected from 
the group consisting of enzymes, fluorophors, chemiluminescers and metallic particles, preferably wherein said 
second small molecule is a fluorescein derivative, said receptor for the small molecule is an antibody, and said 

10 label is an enzyme selected from the group consisting of peroxidase, £-galactosidase t urease and alkaline 
phosphatase. 

Also, in an immunoassay methods according to the present invention for an IgM-type immunoglobulin, 
which includes a biotinylated antibody capable of binding said IgM, an ahtigenrantibody complex wherein said 
antigen is capable of binding to said IgM and said antibody is bound to a signal generating means, and a re- 
ts ceptor for biotin bound to a support, the signal generating means may be a label selected from the group con- 
sisting of enzymes, fluorophors, chemiluminescers and metallic particles, and preferably said label is an 
enzyme selected from the group consisting of peroxidase, p-galactosidase, urease, alkaline phosphatase and 
Q-beta-replicase; the signal generating means may comprise a small molecule bound to the antibody and a 
receptor for the small molecule bound to a label selected from the group consisting of enzymes, fluorophors, 
20 chemiluminescers and metallic particles, preferably wherein the small molecule is a fluorescein derivative, the 
receptor for the small molecule is an antibody, and the label is an enzyme selected from the group consisting 
of peroxidase, ^-galactosidase, urease, alkaline phosphatase and Q-beta-replicase. 

The signal generating means can include at least one catalyst, usually an enzyme, and at least one sub- 
strate and may include two or more catalysts and a plurality of substrates, and may include a combination of 
25 enzymes, where the substrate of one enzyme is the product of the other enzyme. The operation of the signal 
generating means is to produce a product which provides a detectable signal related to the amount of immunog- 
lobulin in the sample. 

A large number of enzymes and coenzyes useful in a signal generating system are indicated in U.S. Patent 
No. 4,275,149, columns 19 to 23, U.S. Patent No. 4,318,980, columns 10 to 14, and U.S. Patent No. 4,868,104, 

30 column 7. A number of enzyme combinations are set forth in U.S. Patent No: 4,275,149, columns 23 to 28, 
which combinations can find use in the subject invention. 

Of particular interest are enzymes which involve the production of hydrogen peroxide and the use ofrthe 
hydrogen peroxide to oxidize a dye precursor to a dye. Particular combinations include saccharide oxidases, 
e.g., glucose and galactose oxidase, or heterocyclic oxidases, such as urease and xanthine oxidase, coupled 

35 with an enzyme which employs the hydrogen peroxide to oxidize a dye precursor, that is, a peroxidase such 
as horseradish peroxidase, lactoperoxidase, or microperoxidase. Additional enzyme combinations may^foe 
found in the patent references mentioned above. When a single enzyme is used as a label, other enzymes may 
find use such as hydrolases such as alkaline phosphatase and p-galactosidase. Alternatively, luciferases such 
as firefly lucrferase and bacterial luciferase may be used. 

40 Illustrative coenzymes which find use include NAD[H]; NADP[H], pyridoxal phosphate; FAD[H]; FMN[H], 

etc:, usually coenzymes involving cycling reactions, see particularly U.S. Patent No. 4,318,980. 

The product of the enzyme reaction will usually be a dye orfluorescer. A large number of illustrative fluores- 
cers are indicated in U.S. Patent No. 4,275,149, columns 30 and 31. 

The signal producing system can include one or more particles, which are insoluble particles of at least 

45 about 50 nm and not more than about 50 microns, usually at least about 1 00 nm and less than about 25 microns, 
preferably from about 0.2 to 5 microns, diameter. The particle may be organic or inorganic, porous or non-por- 
ous, preferably of a density approximating water, generally from about 0.7 to about 1.5 g/ml, and composed of 
material that can be transparent, partially transparent, or opaque. 

The organic particles. will normally be comprised of polymers, either addition or condensation polymers, 

so which are readily dispersible in the assay medium. The surface of particles will be adsorptive orfunctionalizable 
so as to bind, either directly or indirectly, an oligonucleotide or an sbp member. The nature of particles is de- 
scribed above. 

Fluorescers of interest will generally emit light at a wavelength above 350nm, usually above 400nm and 
preferably above 450nm. Desirably, the fluorescers have a high quantum efficiency, a large Stokes shift and 
55 are chemically stable under the conditions of their conjugation and use. The term fluorescer is intended to in- 
clude substances that emit light upon activation by electromagnetic radiation or chemical activation and in- 
cludes fluorescent and phosphorescent substances, scintillators, and die miluminescent substances. 

Fluorescers of interest fall into a variety of categories having certain primary functionalities. These primary 
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functionalities include 1-and 2-aminonaphthalene, p.p-diaminostilbenes. pyrenes. quaternary phenanthridine 
salts. 9-ammoacndines, p,p'-diaminostilbenes immines, anthracenes, oxacarboxyanine, merocyanine 3-ami- 
noequ.len.n. perylene. bis-benzoxazole, bis-p-oxazolyl benzene. 1.2-benzophenazine. retinal, bis-3-aminopyri- 
din.um salts, hellebrigenin, tetracycline, sterophenol. benzimidazolylphenylamine. 2-oxo-3-chromen indole 
xanthene. 7-hydroxycoumarin, 4,5-benzimidazoles. phenoxazine. salicylate, strophanthidin, porphyrins' 
£iarylmethanes flavin and rare earth chelates oxides and salts. Exemplary fluorescers are enumerated in U s' 
Patent No. 4,31 8,707, columns 7 and 8. 

Additionally, energy absorbent or quenching particles can be employed which are solid insoluble particles 
of at least about 50 nm in diameter capable of quenching the fluorescence of the fluorescent particle when within 
tte distance resultmg from hybridization of a probe with the polynucleotide analyte or from specific binding be- 
Nveen members of specific binding pairs. The quenching particle may be the same or different, usually different 
from the fluorescent particle. Normally, the quenching particle will provide a substantial quenching at a distance 
of more than about 50A, preferably more than about 500A, more preferably more than about 2000A. where the 
distance is measured from the surfaces of the particles. 

Many different types of particles may be employed for modulating light emission. Of particular interest are 
carbon particles, such as charcoal, lamp black, graphite, colloidal carbon and the like. Besides carbon particles 
metal sols may also find use. particularly of the noble metals, gold, silver, and platinum. Other metal-derived 

Spper oxide* ' ^ SUmGS ' ^ ^ °' C ° PPef SUlfid6S ° r met3 ' ° X, ' deS ' SUCh as iron or 

An alternative source of light as a detectible signal is a chemiluminescent source. The chemiluminescent 
source involves a compound which becomes electronically excited by a chemical reaction and may then emit 
light which serves as the detectible signal or donates energy to a fluorescent acceptor 

A diverse number of families of compounds have been found to provide chemiluminescence under a variety 
of conditions. One family of compounds is 2.3-dihydro-1.4-phthalazinedione. The most popular compound is 
lum.nol which is the 5-amino analog of the above compound. Other members of the family include the 5-ami- 

^ ,L . ! , 0Xy " 3nd 0,6 dim **ylamtoe-lca]benz analog. These compounds can be made to luminesce 
with alkaline hydrogen peroxide or calcium hypochlorite and base. Another family of compounds is the 2 4 5- 
friphenyl.midazoles, with lophine as the common name for the parent product Chemiluminescent analogs 'in- 
clude para-dimethylam.no- and para-methoxy-substituents. Chemiluminescence may also be obtained with 
oxilates, usually oxalyl active esters, e.g.. p-nitrophenyl and a peroxide, e.g., hydrogen peroxide, under basic 
conditions. Alternatively, luciferins may be used in conjunction with lucrferase or lucigenins. 

•Ancillary materials" means various additional materials employed in an assay in accordance with the pre- 
sent invention. For example, buffers will normally be present in the assay medium, as well as stabilizers for 
the assay medium and the assay components. Frequently, in addition to these additives, additional proteins 
may be included, such as albumins, or surfactants, particularly non-ionic surfactants, binding enhancers e a 
polyalkylene glycols, or the like. 9 " 

"Wholly or partially sequentially" means when the sample and various agents utilized in the present inven- 
bon are combined other than concomitantly (simultaneously), one or more may. be combined with one or more 
of the remaining agents to form a subcombination. Each subcombination can then be combined and subjected 
to the present method. 

As mentioned above, one aspect of the present invention involves a method for carrying out an immunoas- 
say for a specific immunoglobulin wherein the following components are combined in an aqueous medium- a 
sample suspected of containing the immunoglobulin, a small molecule bound to a receptor for the immunog- 
lobulin, an antigen capable of binding to the immunoglobulin, a signal generating means bound to a receptor 
for the aribgen where the receptor is capable of binding to a site on the antigen different from the site of binding 
of the immunoglobulin, and a support to which is bound a receptor for the small molecule. The medium is then 
separated from the support. The medium or the support is observed for the presence, or amount of the signal 
generating means, the presence or amount thereof being related to the presence or amount of immunoglobulin 
in the sample. In a preferred practice of the invention, the solid support is a matrix of beads 

The reagents used in the immunoassay of this invention are of particular importance in the design of this 
invention. As designed, the methodology consists of certain reagents which are generic to most analytes. there- 
by providing for easier automation and control of stability of reagents in an immunoassay systems. Typically 
the present .nvention uses the following reagents in an assay for. an immunoglobulin, of interest (1) a small 
molecule bound to a receptor for the immunoglobulin, (2) an antigen capable of binding to the immunoglobulin 
(3) a signal generating means bound to a receptor for the antigen where the receptor is capable of binding to 
a site on the antigen different from the site of binding of the immunoglobulin, and (4) a support to which is bound 
a receptor for the small molecul . If the same small molecule is used in all assays, then the support bound to 
a receptor is a generic reagent as it can be used regardless of what the analyte is. The signal generating means 
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can consist of a second small molecule bound to a receptor for the antigen along with a labeled receptor for 
the second small molecule. Once again, if the same second small molecule is used in all assays, then the 
labeled receptor for the second small molecule is a generic reagent. 

In one practice of the invention, a methodology for the detection of an immunoglobulin in a sample is set 

5 forth. The methodology of this assay utilizes the following reagents: a sample suspected of containing an im- 
munoglobulin of interest; a small molecule bound to a receptor for the immunoglobulin (Ig), for example, biotin 
bound to anti-lg; an antigen capable of binding to Ig; a signal generating means bound to a receptor for the 
antigen, where the receptor is capable of binding to a site on the antigen different from the binding site of Ig, 
for example, a label bound to anti-antigen; and a support to which is bound a receptor for the small molecule, 

w for example, avidin. In another embodiment, the signal generating means can be a label bound to a receptor 
for a small molecule, where the small molecule is bound to anti-antigen, for example, enzyme labeled anti- 
fiuorescein and fluorescein labeled anti-antigen. 

The antibodies used as reagents in the present invention can be monoclonal or polyclonal, preferably 
monoclonal. In such an assay system, the amount of signal generating means that will become bound to the 

is solid support will be directly related to the amount of immunoglobulin present in the sample. In particular, in 
the presence of immunoglobulin, antigen will be bound atone site by the immunoglobulin. The antibody to which 
is bound the signal generating means wilt bind to the antigen at a second, different site. In turn, the anti-lg, to 
which is bound a small molecule, binds to the immunoglobulin and the small molecule binds to the receptor for 
the small molecule, which is bound to the support. This results in the complex of interest binding to the support. 

20 The reagents and sample can be combined simultaneously or wholly or partially sequentially with each 

other and with the solid support. In one approach, all reagents, the sample and the solid support are mixed 
together. This is followed by a single incubation, after which unbound reagents are removed by washing. A 
schematic representation of the complex formed in the immunoassay of the invention as applied to detection 
of IgM-type immunoglobulins is as follows: 

25 Label-AbAg: Ag: IgM: Ab| gM -X:Y-support 

where Label-Ab^ is an antibody for an antigen (Ag) bound to a label; Ag is an antigen capable of being bound 
to Ig; Ab| gM -X is a small molecule (X) bound to an antibody for Ig; and Y-support is a receptor for the small 
molecule bound to a support. In a preferred embodiment, the antigen is hepatitis B core antigen or hepatitis A 
virus antigen; X can be biotin and Y can be avidin. 

30 In one embodiment of the invention, the label, an enzyme for example, can be bound directly to the anti- 

antigen antibody. The degree of enzymatic activity then correlates to the concentration of IgM in the sample- 
In a variation on such an assay, a small molecule such as fluorescein, is bound to the anti-antigen antibody. 
The label is then bound to an anti-fluorescein antibody. 

The design of the assay system makes it possible to use reagents which are generic, i.e. can be used in 

35 any assay system no matter what the anaiyte of interest As is apparent in the above examples, each assay 
uses the conjugate comprising a receptor bound to a small molecule. 

In carrying out the assay there are certain sequences of steps that are more convenient and the choice of 
the particular sequence to be employed will therefore depend upon the needs of the person performing the as- 
say. In general, the sample, ail of the reagents and the support are combined in an aqueous medium, usually 

40 without regard to the order of addition. Typically, the sample, reagents and support are combined essentially 
simultaneously. The aqueous medium containing the sample, reagents and support, is then incubated for a 
period of up to an hour or more. The amount of signal generating means bound to the support or remaining in 
the medium may then be measured directly but will usually be measured following separation of the medium 
from the support 

45 In the assay of the present invention, any convenient label can be used. The labels will normally be bonded 

covalentiy to a receptor for an antigen, usually an antibody. However, this invention also contemplates having 
a small molecule bound to the receptor for the antigen, and having the label bound covalentiy to a receptor for 
the small molecule, usually an antibody. Bonding may be accomplished by chemical reactions wherein th re- 
sult is replacing a hydrogen atom of the label with a bond to the receptor or may include a linking group between 

so the label and the receptor. The linking group may be of any size but preferably no larger than necessary to 
permit unfettered binding of a compound complementary to the compound bound to the label and to permit sig- 
nal production by the label. Generally, the linking group will be a bond or a group of from 1 to 1 00 atoms, usually 
from 1 to 15 atoms*. The linking group can be introduced into the label or the receptor for attachment A 
functionality for attachment such as carboxylic acid, hydroxyi, thio, amino, aldehydic, amido, activated ethylen- 

55 ese such as maleimide, sulfonic acids, and the like can be introduced into the label or the receptor if the 
functionality is not originally present in the label or receptor. Methods of conjugation are well known in the art 
See for example, U.S. Patent No. 3,817,837. 

The conjugates of this invention containing a small molecule bound to a receptor, will contain small 
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molecules for which a natural receptor exists or can be prepared. The small molecules will usually be neither 
extremely hydrophilic nor extremely hydrophobic and will preferably be structurally dissimilar to substances that 
are likely to be present in the sample. Conjugates of small molecules with receptors will have at least one and 
frequently 2-20 small molecules in the conjugate which will usually be bound covalentiy As described above 
with reference to the label-receptor bond, bonding of the small molecule to a receptor may be accomplished 
by chemical reactions which result in replacing a hydrogen atom of the small molecule with a bond to the re- 
ceptor or may include a linking group between the small molecule and the receptor of any size but preferably 
.no larger than necessary to permit binding to the conjugate of both a receptor for the small molecule and a 
compound complementary to the receptor in the conjugate. 

The support in this invention will normally be particulate such as beads, liposomes, cells, sols and the like 
b.bulous matenals such as porous membranes, cellulosic paper, glass paper, and nitrocellulose membrane S : 
or non-porous materials such as glass, plastic, metal, ceramic, and the like. The receptor can be directly bon- 
ded, either covalentiy or non-covalently. to the surface of the support in such a manner as to permit ready bind- 
ing of the conjugate containing a small molecule complementary to the receptor. Bonding of. the receptor to the 
surface will normally be achieved by incubating the surface with the receptor, wherein the surface may previ- 
ously have been treated with a reagent to enhance binding such as polycations. for example polylysine- car- 
bodumides; seating agents; bifunctional cross linking reagents such as carbonyl diimidazole; periodate' and 
similar activating reagents. Alternatively the receptor can be indirectly bound to the support by first preparing 
the support with a compound complementary to the receptor such as the ligand for the receptor or an antibody 
against the receptor already bound to the surface. Incubation of the receptor with such a surface will then cause 
the receptor to bind non-covalently. When this method of binding is employed wherein a ligand for the receptor 
is initially present on the surface, the receptor will normally have at least two binding sites for the ligand 

In the invention described herein, when the solid support is a matrix of beads, the beads are usually non- 
porous, usually glass or latex and normally are 0.2-2.5 mm average in diameter. Most preferably the beads 
are 0.5-2 mm average in diameter. The beads are usually approximately spherical and may have a rough or 
smooth surface. a 

Because of the high surface area of beads, attention must be paid to the surface properties so that back- 
ground nonspecific binding remains low. Where avidin is used as the receptor bound to the beads, non-specific 
binding can be reduced by drying the glass particles in the presence of sucrose after the binding of avidin to 
the beads. Examples of coatings in addition to sugars, which have been found useful include bovine serum 
albumin (BSA), poly(vinylalcohol), casein and non-fat milk. 

Whatever type of solid support is used it must be treated so as to have a receptor bound to its surface 
which receptor will specifically bind to a small molecule. In a preferred practice of the invention, the support 
w,ll have bound to it a ligand or receptor that will permit the support to be used for a variety of different assays 
For example, avidin can be covalentiy bound to spherical glass beads of 0.5-1.5 mm. A matrix of these beads 
is mixed in an aqueous medium with biotin-labeled antibodies to an immunoglobulin, a sample containing the 
.mrmmoglobulin, antigen, and a labeled antibody that will bind to the antigen at a site different from the binding 
srte of the immunoglobulin. Because the beads bind to biotin and biotjn can be bound to any antibody the same 
beads can be used for most antibody-antigen pairs. After sufficient incubation to permit binding of the labeled 
antibody to the biotinylated antibody and binding of the latter to the beads, the solution is separated from the 
beads, for example, by aspiration. Wash solution is then added and liquid, is again removed. After repeating 
tfie washing cycle, the label is detected and the amount of label is related to the amount of Ig in the sample 
For example* if the label is an enzyme, substrate would be added and the amountof enzyme product determined 
photometrically after a suitable incubation time and compared to theamount of product provided usinga sample 
of known concentration of Ig. 

In carrying out the invention, a liquid, usually aqueous, medium will be employed. Other polar solvents may 
also be employed, usually oxygenated organic solvents from one to six, more usually from one to four, carbon 
atoms, including alcohols, ethers, and the like. Usually these cosolvents will be present in less than about 40 
weight percent, more usually in less than about 20 weight percent Generally, a pH range of 5 to 1 0. more usually 
5 to 9. will be used. One consideration with respect to the pH of the assay is the maintenance of a significant 
level of bmding while optimizing signal producing proficiency. In some instances,. a compromise will.be made 
between these considerations. Various buffers may be used to achieve the desired pH and maintain the pH 
during the determination. Illustrative buffers include borate, phosphate, carbonate, Tris, barbital, and the like 
The particular buffer employed is not critical to this invention; however, in individual separations or individual 
assays, one buffer may be preferred over another. 

Moderate, usually constant, temperatures are normally employed for carrying out the assay. The tempera- 
tire for the assay, particularly involving an immunoassay, will generally range from about 0-50°C more usually 
from about 1 5-40"C. 
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While the concentrations of th various reagents will generally be determined by the concentration range 
of the receptors in the liquid medium or of the immunoglobulin in an assay, the final concentration of each of 
the reagents will normally be determined empirically to optimize thersensitivity and specificity of the separation 
or of the assay over the range of interest. 

5 In the immunoassay of the invention, the aqueous medium can also contain one or more members of a 

signal generating means. The concentration of the various members of the signal generating means will vary 
and be dependent upon the concentration range of interest of the immunoglobulin and the type of measurement 
or assay involved. As a general point, the concentration of the various members of the signal generating means 
will be selected to optimize the sensitivity of the assay within the concentration range of interest of the immunog- 

w lobulin. 

In order to determine the results of the assay, the labeled solid phase reaction product, such as: 

Label-Ab^: Ag: IgM: Ab, gM -X:Y-support 
is preferably separated from the aqueous medium, which may contain free reagents which were present in an 
excess amount and therefore are unreacted. Since the reaction product is a solid phase insolubilized by the 
15 support, it can be readily separated by methods such as sedimentation or centrifugation, or other methods well 
established in the art. 

As a matter of convenience, the reagents for conducting an assay can be provided in a kit in packaged 
combination in predetermined amounts for use in assaying for an immunoglobulin (Ig). The kit comprises (a) 
a conjugate of a small molecule and a receptor for Ig, (b) an antigen capable of being bound to Ig, (c) a conjugate 

20 of a label and a receptor for the antigen, and (d) a support comprised of a surface bound to a receptor for the 
small molecule. The kit can also include other reagents for generating a signal in relation to the amount of Ig 
in the sample, for example, a substrate for the label. Ancillary agents can be included as necessary. 

Use of the method of the invention is applicable to any heterogeneous binding assay for an immunoglobulin. 
Specific assays include for example, assays for IgM antibodies for hepatitis B core antigen and IgM antibodies 

25 for hepatitis A virus antigen. In each system, biotinytated antibody that is complementary to the immunoglobulin 
is used. Receptors other than avidin (which includes streptavidin) may be attached to the beads, such as antn 
bodies, protein A, intrinsic factor, Protein G, C1q, lectins, apoenzymes and the like, whereupon the respective 
complementary small molecule conjugated to the antibody complementary to the immunoglobulin is then used. 
Certain preferred embodiments of th. present invention have the following significant advantages over the 

30 standard ELISA chemistry: 1) receptor bound supports are generic to all assays; 2) the binding of analyte to 
antibody in solution phase results in very rapid kinetics compared to those achieved with antibody immobilized 
on a solid surface; 3) elimination of the need for separate incubations and separate washings provides an ef- 
ficient assay with a minimum number of manipulative steps. The chemistry to link small molecules such as biotin 
or fluorescein to antibodies or haptens is simple and efficient. (See, for example, D.M. Boorsma, Jnv 

35 munocytochemistry 2:155 (1983)). The stability of the small molecule conjugates will be as good asjthe antk 
bodies used in the conjugate. 

Examples 

40 The examples which follow are illustrative and not limiting of the invention. Unless otherwise indicated, re- 

agents were obtained from commercial sources and, where applicable, were used according to manufacturer's 



directions. 




The following abbreviations are used throughout the exam pi 


anti-HAV 


anti-hepatitis A virus antibody 


anti-hlgM 


anti-human immunoglobulin antibody 


anti-HBcAg 


anti-hepatitis B core antigen antibody 


Biotin-LC-NHS 


succinimidyl 6-(biotinamido) hexanoate 


BSA 


bovine serum albumin 


DMF 


N,N-dimethy1 formamide 


EDAC 


1 -ethy!-(3-dimethytaminopropyi) carbodiimide 


GB 


glass beads 


HAV 


hepatitis A virus 


HBcAg 


hepatitis B core antigen 


hlgM 


human immunoglobulin M 


HRP 


horseradish peroxidase 


IgG 


human immunoglobulin G 


LC 


3,3'-diamino-N-methyldiproplyamine 


MES 


2-[N-morpholinolethane sulfonic acid 
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15 



20 



25 



30 



35 



40 



50 



NHS N-hydroxysuccinimide 

PBS phosphate-buffered saline 

™ B 3,3 ; ,5,5'-tetramethylbenzidine 

EXAMPLE 1 



Heterogeneous enzyme-based immunoassay for detectio n of immunoglobulin M for hepatitis B core .nrin.n 
Preparation of Materials 

^J^^!?™ ( f. mnity PUrified> m " Chain Specific > was obtained from Kirkegaard & Perry Laboratories 
SS^^ 15°*^ nW ' ,8M ^ PfePared by reaCti ° n ° f 3ntibod y with biotin-LC-NH^Reimbina" 
HRP^r Q «t m Sh3rP D ° hme ReS8arCh Labs Point - p A>- Human IgG anT-HBc^g 

21^2 PS?' "JM?. 86 "' PfOVided ET, " CORE - |GM K «* from Sorin Biomedica (Italy). Aslay buffer con 

peroxide substrate was prepared using standard procedures. TMB/urea 



Preparation of GB-avidi 



in 



55 



in SV S^??f PP k Y d ' ameter < G,enMi,,s - ,nc - Maywood. NJ) were first cleaned by boiling 

in 5 /. n tnc acKl for one hour and then washed with deionized water until the wash was neutral in pH The beads 
were dried at room temperature under vacuum. P ds 

ThoL°i k9 ° f ' acid - Washed beads <«» add * d 1 mL of aminopropyltriethoxysilane in 300 mL ethyl acetate 
STTSU"", ^" P aC6d ° n 3 r0t3ry aSpirat0r ' and upon removal of the solvent, the beads we e ^ted 

™»^it£z^ m r*?- Th r beads were *** transfe,red 10 a stain,ess rea ^ - d £2 

In in e n e * step 9 under nitrogen/argon atmosphere. After cooling, the beads were used direct* 

(PH lof AfteMO^"^ be f? i0 ". e " nl * d tiSSUe CU,tUre flaSk ' W3S 3dded 170 mL °- 1 M of s °dium borate 
(PH 9.0). After 10 m.nutes. a solut IO n of succinic anhydride (2.0 g in 20 mL DMF) was added by pipette The 

^\ZTe ^: aken ™:T- ™ ,iQUid WaS rem ° ved *• addition of succinic an^ 
solution, and the beads were washed with deionized water 200 mL x 4 

After flushing once with 150 mL 0.1 M MES. P H 5.2. the beads were resuspended in MES to the liauid 

SZ^5 "37 *5* be3dS - hUn<jred mi " i9ramS (1 °° m9) ° f EDAC 2 mL ^ "™ «S2 'in one 
iT , m ' nUteS Wth manUa ' Shakin9 - Upon removal of the *1UW ^ "se of an aspirate a 20 

oTan^^™^r ^ Fina,ly ' ^ ~— its contents was .acel 

Further preparation of the beads included washing the beads with 1 N NaCI r200 mi * a\ mi^-h k 
deion^ed water (200 mL x 4). Before and after each wash, the .iguid is removed en £ e,y The btaS a" hen 
B?Aand f S V P Mfn' ine bUffer < 20mM ^»**> ™ mM Nad 0.02% NaN3, P H 7 4)^n^g 1% 

Finally, after passage through a number 16 or 20 USA Standard Testing. Sieve, the beads were dusted 
with casern powder to prevent sticking together upon storage 

/glass teacL?^ ^i 0 *" indiC3ted ** the beads «*, prepared, incorporated 2-11 mg. active avidin- 
Assay Protocol 

pies wi^LTn 3 ^' f °l' OWS - RrSt - 100 m ' ° f 1 :100 ° di,Uted ,9M an ^BcAg positive or negative sam- 

S^iS 0.6Sg GB-av,d.n m a test tube, followed by 100 ml of biotin-anti-hlgM (237 ng/assay) Then 
S sll? h HBcAg-and anti-HBcAg-HRP (containing 100 ng.HBcAg/test) was added toJach tube 

SiSSi rea9entS JT di,Uted 0,6 «— **««t- After a 40 minute incubaL at 37'C. the unbound 

P^vSn 750 m^M ^ ' "TX ^ WMh ^ ^ b ° und HRP ^ s measured and stop- 

pea with 750 ml of 1 N sulfunc acid. Absorbances were read at 450 nm. 
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Results 

Sample A ^q 

Negative 0-073 

5 

Positive 1*062 

These results showed dear modulation of the positive sample. 
10 EXAMPLE 2 

Heterogeneous enzyme-based immunoassay for detection of immunoglobulin M for hepatitis A virus antigen 
Preparation of Materials 

15 

The following materials were prepared. Affinity purified biotin labeled goat anti-hlgM (nvchain specific) was 
obtained from Sigma Diagnostics (St. Louis, MO). Formalin fixed HAV and peroxidase labeled human anti-HAV 
was provided by Mediagnost (Heidelberg, Germany). GB-avidin was prepared as described in Example 1. The 
sample dilution buffer and the conjugate diluent was provided in ETI-MAK-IGMK kits from Sorin Biomedica 
20 (Italy). Wash buffer was 10 mM sodium phosphate, pH 7.2. The TMB/urea peroxide substrate was. prepared 
using standard procedures. 

Preliminary Experiments 

25 Preliminary experiments were performed to determine the appropriate ratio of HAV antigen and peroxidase 

labeled anti-HAV. Equal amounts of HAV and 1 :1 500 diluted conjugate provided enough excess of the antigen 
to bind to captured human anti-HAV. 



30 



45 



Proposed Assay Protocol 



The proposed assay format would be as follows. First, 200 ml of a mixture of 1 :1500 diluted conjugate and 
HAV antigen would be added to 0.65 g GB-avidin in a test tube. Next, 100 m of 1:1500 diluted anti-HAV IgM 
positive or negative patient serum would be added to each tube, followed by 100 ml of biotin-anti-hlgM (800 
ng/assay). After a 40 minute incubation the unbound components would be removed by washing four times 
35 with wash buffer. The bound HRP would be measured by adding 250 ml of TMB/urea peroxide^substrate. After 
a 5 minute incubation at 37°C, the reaction would be stopped with 750 ml of 1 N sulfuric acid. Absorbance at 
450 nm would be the measure of bound HRP activity. 

The above discussion includes certain theories as to mechanisms involved in the present invention. These 
theories should not be construed to limit the present invention in any way. since it has been demonstrated that 
40 the present invention achieves the results described. 

The invention has been described in detail with particular reference to the above embodiments. It wOl be 
understood, however, that variations and modifications can be effected within the spirit and. scope of the in- 
vention. 



Claims 



1. A method for carrying out an immunoassay for a specific immunoglobulin comprising the steps of: 

(a) providing in combination in an aqueous medium (i) a sample suspected of containing an immunog- 
50 lobulin, (ii) a small molecule bound to a receptor for said immunoglobulin, (iii) an antigen capable of 

binding to said immunoglobulin, (iv) a signal generating means bound to a receptor for said antigen said 
receptor being capable of binding to a site on said antigen different from the site of binding of said im- 
munoglobulin, and (v) a support to which is bound a receptor for said small molecul ; 

(b) incubating said combination; 

55 (c) separating said medium and said support; and 

(d) observing said medium or said support for the presence or amount of a signal, the presence or 
amount thereof being related to the presence or amount of said immunoglobulin in said sample. 
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3. 
4. 

5. 



7. 

8. 
9. 



The^method of claim 1 wherein said immunoglobulin is directed against a causative agent of a disease 

The method of claim 1 or claim 2 wherein said immunoglobulin is an IgM antibody. 

The method of any one of the preceding claims wherein said antigen is a hepatitis B core antigen or a 
hepatitis A virus antigen. s ' 

The method of any one of the preceding claims wherein said signal generating means is a label selected 
from the group coasting of enzymes, fluorophors. chemi.ominescers and metallic partides Sab.y 

ulZ n Tv t ' S T 6nZyme Sel6Cted fr0m the 9roup consistin 9 of Peroxidase, MalactSse 
urease, alkaline phosphatase and Q-beta-replicase. ' 

mol^^7 °"h ° f C ' aimS , 1 l ° 4 Wherein SaW Si9nal 9 enera «"9 means comprises a second small 
SlcSd «™t reCePt ° r f ° r S3id anti96n 3nd 3 reCeptor for said sma " ™' ecul * *>und to a label 

Itlt 1« T^" 9 ° f en2ymeS ' fluoro P nors chemiluminescers and metallic partides. pref- 

erably wherem said second small molecule is a fluorescein derivative, said receptor for the small molecule 
is an anfbody. and said label is an enzyme se«ected from the group consisting of peroxidaseTgaS" 
dase, urease and alkaline phosphatase. ' P-9 aiact °st- 

The method of any one of the preceding claims wherein said receptor for said immunoglobulin is an anti- 
The method of any one of the preceding claims 5 wherein said receptor for said antigen is ah antibody. 

far^ 1 ^ an , Y ° f I" 16 ^ , edi " 9 C ' aimS Wherei " Said Sma " mo,ecule is biotin ' and therein said receptor 
for sa.d small molecule .s selected from the group consisting of avidin and streptavidin. 

10. The method of any one of the preceding claims wherein said support is glass beads. 

11. A method for carrying out an immunoassay for an IgM-type immunoglobulin comprising, the steps of- 

S^SrnfKnH 30 aS H a , y ^?.? m ( ° 3 SamP ' e sus P ected of containing IgM, (ii) a biotinylated antibody 
t?Sd t,M JnH? ? 1 ; ° - 0 T anti9en:antibod y ^P'** wherein said antigen is capable of binding 
to a suppolT 3 ' S tD 3 Si9na ' 9eneratin 9 means and < iv > a receptorfor biotin bound 

(b) incubating said medium; 

(c) separating said medium and said support; and 

SL^beino ^T^r ° r SUPP ° rtfor the P«*ence or amount of a signal, the presence or amount 
thereof being related to the presence or amount of IgM in said sample. 

12 " me sS fn^ teCtin H an l 9 ^ 6 immun °9 ,obu,in s ^pected of being present in a sample comprising 
the step of forming ,n drect relation to the amount of said IgM in said sample a complex 

Label-Ab^: Ag: IgM: Ab^M-XiY-support 

boun^to^ " TTHZ? *? 30 3nti9en (A9) b0und to 3 l3be,: A9 « an anti 9 en «P-«« « being 
if. v 6< f d ^ ^ 9roUP consislin 9 °* hepatitis A virus antigen and hepatitis B core 

£X^5n£ I 8 3 ?T T CU ' e W D ° Und t0 30 3ntib0dy f ° r S3id ,9M ' and Y - su PP° rt « a receptor 

tor said small molecule bound to a support. 

13 * ^^'"k " °' ^ f° nsistin 9 of a conjugate of a biotinylated antibody bound to an immunoglobulin, 
an antigen bound to said immunoglobulin and a labeled antibody bound to said antigen. 

14. The composition of claim 13 wherein said biotinylated antibody is further bound to a support having a re- 
ceptor for biotin, said receptor being selected from the group consisting of avidin and streptavidin 

15; A composition of matter 

. . , Label-Ab^: Ag: IgM: Ab^M-XrY-support 

AaTsZ^a™? * !? an ^ dy f ! f3n antige " (A9) bound to a label ' IqM is an '9M-tyPe immunoglobulin; 
r * ° f be " 19 b ° Und 10 ,QM and fe Se,ected from the 9roup consisting of hepatitis A 

£Z * w T i ePat,,,S 8 m ant5gen; Ab ^ X S 3 Sma " fnolecu,e W ^ *° a " antibody for said 
IgM, and Y-support is a receptor for said small molecule bound to a support. 
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A kit for carrying out an immunoassay for an immunoglobulin comprising in packaged form: (a) a conjugate 
of a small molecule and a receptor for said immunoglobulin; (b) an antigen capable of being bound to said 
immunoglobulin; (c) a conjugate of a label and a receptor for said antigen; and (d) a support comprised 
of a surface bound to a receptor for said small molecule. 



£P 0 50 7 56 1 K i ) 
G01N33/5 4 3B-G01N33/68B- 



- 2- ■ *- 



G01N33/54-3B 




^gr^ europ6e n des brevete ' <fi) Publication number: 0 507 587 A3 



EUROPEAN PATENT APPLICATION 



(g) Application number: 92302913.6 
(g) Date of filing : 02.04.92 



% int. ci. 5 : G01N 33/68, G01N 33/576, 
//G01N33/543 



@ Priority : 03.04.91 US 679693 

(43) Date of publication of application : 
W 07.10.92 Bulletin 92/41 

(Q) Designated Contracting States i : 
W AT BE CH DE DK ES FR GB GR IT U LU NL 
SE 

(S3) Date of deferred publication of search report : 
03.03.93 Bulletin 93/09 

(fi) Applicant: SYNTEX (U.S.A.) INC. 
3401 Hillview Avenue 
Palo Alto California 94304 (US) 



PT 



(72) Inventor : Rejman, John J. 
13619 Highway 70 East 
Lenior City TN 37771 (US) 
Inventor : Weng, Litai 
995 N. California Avenue 
Palo Alto CA 94303 (US) 
Inventor : Varro, Rudolph 
3402 Woodstock Lane 
Mt. View CA 94040 (US) 

(74) Representative : Nicholls* Kathryn Margaret et 
al 

Mewburn Ellis, 2 Cursitor Street 
London EC4A 1BQ (GB) 



(g) immunoassay for immunogiubulins. 

(57) a method for carrying out an immunoassay 
w for an immunoglobulin in which a sample sus- 
pected of containing the immunoglobulin and 
reagents useful for detecting the immunoglobu- 
lin of interest are combined in a single step in 
an aqueous medium, wherein one of the rea- 
gents includes a small molecule bound to a 
receptor for the immunoglobulin, one includes 
an antigen capable of binding to the immunog- 
lobulin and one includes a signal generating 
means bound to a receptor for the anbgen 
capable of binding to a site on the anbgen 
different from the site of binding of the im- 
munoglobulin. 



CO 

< 

00 

in 



0. 
LU 



Jouve, 18 T rue Saint-Denis, 75001 PARIS 



EP 0 507 587 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 30 2913 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION dm. CLS ) 


D,X 
X 

n 
u 


EP-A-0 411 945 (SYNTEX (U.S.A.) INC.) 

* the whole document * 

EP-A-0 201 079 (ZAHRADNIK) 

* abstract * 

* page 8, line 7 - page 14, line 11 * 

* page 16, line 5 - line 6 * 

* page 20, line 2 - line 3 * 


1-16 

1-3,5, 

9-11,13, 

14,16 


G01N33/68 

G01N33/576 

//G01N33/543 


A 


EP-A-0 366 092 (B0EHRINGER MANNHEIM GMBH) 
* the whole document * 


1-5,11 




A . 


DE-A-3 202 559 (ABBOTT LABORATORIES) 
* abstract * 


1-4 




D,A 


US-A-4 292 403 (DUERMEYER) 
* abstract; example 1 * 


3,4 




A 


EP-A-0 268 987 (E.I. DU PONT DE NEMOURS 


4 


TECHNICAL FUXDS 
SEARCHED (Int. O.S ) 


D 


AND COMPANY) 

* page 4, line 5 - line 20 * 
& US-A-4 818 688 




G01N 


A 
0 


EP-A-0 005 271 (THE WELLCOME FOUNDATION 
LIMITED) 

& US-A-4 298 685 






The present search report has been drawn up for ail claims 







BERLIN 



DeU of coapfafte a* tk* lewt* 

14 DECEMBER 1992 



CEDER, Ove 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : Doo- written disclosure 
P : intermedin* document 



T : theory or principle andertyiag the hiveatioo 
E : earlier patent document, hot published oo, ot 

sfur the filing date 
D : aocamcnt dted in the a ppl ic ati on 
1* : docmaent dted for other I 



dk : member of the s 



» patent family, corresponding 



2 



™/S PAGE BLANK ckpto, 
(owsn) Xtm& 3DW SHU 



